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FOREWORD

The work prosented in this report waa performed by Goodyear Aircraft Corporation, Akron,
Ohio, under the authority of Projeci 6065, Task 806508 entitled "Feasibility Study fora Balloon Type
Stabilization and Deceleration Systam for High-Altitude and High-Speed Recovery, " and Air Force
Contract No. AF33(616)-80186.

This is Part 11 of the contract. Part ] of this report has the subtitle "Functional and Per-
formance Demonstration. "

Mr, 8. Metres, Flight Accessories Laboratory, Aercnautical Syatems Division, served as
contract monitor,

The authors and contributing personnel of Goodyear Aircraft Corperation who cooperaled in
the research and the preparation of this report were F. R. Nebiker, project engineer; W. C. Alex-
ander, associate project erjineer; W, A, Barr, design head; J. W. Bezbatchenko, aerodynamic
analysis; J. D. D'Allura, aerodynamic analysis; L. M. Cerreta, thermodynamic analysis; J, J.
Graham, design; N. E. Houtz, structural analysis; R. W. Nordlic, materials; Dr. R. S. Ross,
consultant; and F. Bloetscher, consultant.
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ABSTRACT

Analytical and experimental data was obtained on a number of inflatable balloon type drag
device configurations in the subsonic, supersonic and hypersonic flight regime. On the basis of this
data it has been concluded that an inflatable conical balloon is a feasible stabilization and deceler-
ation device for recovery from high-altiiude, high-spred flight regimes (up to Mach 10 at 200, 000
feet).

The practicality of these inflatable decclerators was based on satisfactory performance for
a given weight and bulk penalty, technique of manufacturing, and availability of atructurally com-
patible materials within a temperature regime up to 1500°F,

The Ballute (ram-air inflated conical balloon) configuration was selected as optimum for
best mesting the contract requirements. Included in the raport are wind tunne] teat data that pre-
sent drug and stability information of various decelerater configurations placed in a towed position
behind a forobody.

PURLICATION REVIEW
This report has been reviewed and is Rpproved,

FOR THE COMMANDER:

2 e LY

GEORGE &rBOLT, JR.

Chief, Retardation and Recovery
Branch

Flight Accessories Laboratory
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SECTION 1
INTRODUCTION

A, GENFRAL

Under contract AF33(616)-8015 with Aeronautical Systems Division, Goodyear Aircraft
Corporation {GAC) has conducted a detalled study and test program to detormine the feasibility of
using inflatable batloon type drag devices at speeds up to Mach 10 and altitudes up to 200, 000 feet
for applications such ns firat-stage decelerators of missile componeuls, vmergency escape cap-
sules, booster assemblies, and others, This program {s an extension of an applied research study.
Specifically it is the continuation of the work conducted under contract AF3s(616)-6010. The "6010°
program showed the feasibility ~f v apherical inflatable drag device at gpeeds up to Mach 4 and
altitudee up to 200, 000 jvel.

B. BACKGROUND

With the advent of high-speed, sigh-altitude flight, new methoda of stabilization and decel-
eration must be develuped fur quccessful recovery of such payloads as manned space capsules,
rocket boualers, uose cones, and instrument data packages. Initial stabilization is required so that
protective re-entry devices (beat shields, ablation shields, drag producing devices) of a paylond
tumbling or disorionted in spuce can be aligned with the [light path, Initinl deceleration ia required
to reduco nerodynamic heating and loading and to gradunlly reduce the velocity of the payload through
n varying dynamic londing regime,

C. OBJKCTIVES

Tho main objuctive of this program was to determinoe the optimum drag device system that
would perform satisfactorily along a vertieal downward flight path following deployment within the
Mach number veraus altitude onvelopus as shown {n Figure 1. An optimum system {8 definod as a
systom that provides the largest stable drag area at a minimum weighl and bulk penalty, Satisfix -
tory drag dovice performance is dofined as providing a payload ndequinte deceleration with attitude
stability for aligned flight (noar zero angle of attack) and for the subsequont safe tanding in a desig-
nated targot aren. In addition to tho main objective, it was necessary to determine the performance
capabiiitios and Hmitations of the applicable drag dovicos investigntod In order to define the require-
monts for a follow-up Mach 10 captive and froo-flight wost program, The summary of the scape of
the rogquired work of this program {8 nr follows:

Task 1 - Conduct a preliminary study program to detormino performance and dosign ve-
quirements with rospect to nerodynrmics, thermodynamica, bulk, and fabrication limita -
tions of varlous drag device configurations, The configuritions include spheres, hemis-
gpheres, and cones at various apex angles.

Task 2 - Utllizing the performance requirements of Task 1, conduct a grs storage hardware
study to determine weight and hulk of various inflation syatems to maintain inflation of the
drag device throughout the descont trajectory down to sea level,

Tusk 3 - Conduel & waterial requirement study with respeet to weight, bulk, strength, flex-
iLility, gas tightness, and fabrication techniques. The operational temperature limit re-
quirement of the materinl is 15009F,

Task 4 - Conduct functional and lahoratory tests as required to support the analytical work
of tasks 1, 2, and 3. '

Tagk 6 - Ulilizing the results of tasks 1, 2, 3 and 4, conduct an optimum configuration de -
sign study, Assemble results with applicable tables, graphs, and drawings.

This report presests the results of Tasks 1 through 5.

Manuscript released by the author Qctoher 1962 for publication as an ASD Technical Documentary
Report.
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SECTION 2
DISCUSSION OF INFLATABLE STRUCTURE DEVICES FOR DRAG RI-ENTRY

This research and development program was conducted to obtain additional design and per-
formanece information to verify the feasibility ot utilizing inflatable balloon type drag devices to im-
prove flight vehicle performance for safe and successful re-eantry and recovery fron: space,

Experimental performance data was obtained at speeds up to Mach 10, The data consists of
the resuits of wind tunnei igats conductad at gubsonic, supersonie, and hypersonic speeds. The
majority of the decelerator models were [luxible fahrie inflatable models which were towed behind a
1orebody at the end of a {lexible riser cable. The tests supported the major program requlrements
of obtaining aerodynamic, thermodynamic, and structural data on various inflatable deceleratur con-
figurations for the subsoquent optimumn system design in an expanded flight regime not previously
investigated to any degree of completeness,

Per contract requirements, ¢losed pressure-vessel spheres, hemispheres, and cones
were investigated., In addition self-inflnted conligurations called Ballutes wero investigated. As
the name implies, it la a combination balloon and parachute. 1t is similar to a parachute hy method
of ram-air inflation and over-all external shape, Il differs from a chute hecause of ils near-zerov
porogity coated fabric structure and {{a8 enclosure of multiple suspension lines. Because of the
conting the Ballute forms a more rigid inflatable structure and a reaulting finite aerodynamic shape
(dinmiensional stability) which gives predicianie, ropoatablo performance. This type of performance
was demonstrated during the wind tunnel tests.

Thia over-all progeam, supported by laboratory tests, consisted of aerodynamice, thermo-
dynamic, mntorinl, and deaign atudiea. The major reault of the material study wias the development
of a atrong lightweight foldahble metal cloth woven with stranded wires, The slgnifieant wind tunnel
results nae as follows;

(1) T'ralling towed conical decelerators with burble foncea have the capability of obtaining
drag coefflcients of one or groater ovor the entire supersonic sapeed range. Drag co-
officlents ware based on the fully inllaled model design dinmeters of elther 7 or 8 inches,
The burble fence outside dtamotors wore greator than their respeciive inflated design
diamaters.

(2) Trailing towed conical decelerntors which have apex nose angles of 80 degroos or less
are stable (Httle or no coning) in the infinite payload mass cordition throughout the
range of speeds tested.

(3) Ram-air(self -inflating) Dallute models performed satisfuctorily throughout the range of
speeds lested.

(4) The use of the metal ¢ loth fabricated models performing under dynamic loads in a wind
tunnel at Mach 10 and at temperatures of approximately 1500°F for an exposure time
of over one minute was demonstrated.

The significant results of the configuration design study are as {ollows:

(1) Of all of the zero-porogily balloon configurations the ram-air Ballute configurations
offer the moat promise for providing the best performance at speeds ranging from
extremely low subsonic up to and including hypersonic at the least weight and bulk
penalty,

(2) Along vertical trajectories fron: 250, 000 feet down to sea level acrodynamic heating
limita Dacron-neoprene type fabric decelerators in the order of 10 feet in diameter to
operation at speads up to Mach 2 to 2,5.

{3)1t is feagible to utilize Ballute decelerators made of present-day coated metal cloth for
actual free [light tests {n the Mach 4 to Mach 10 {light regime.
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SECTION 3
PRELIMINARY STUDY PROGRAM

A. GENERAL

The purpose cf the preliminary study program was to determine the type of inflatable blun
body configurations to be investigated. 'Tho three basic geometric shapes to he studied under con-
tractual requirements were the sphere, hemisphere, and cone.

Basic shape variations delermined worthy of consideration were the ram air Ballute (cone
balloon), the ram air tucked Balluto, and the torus skirt.

The proliminary study program included & trajectory analysis, aerodynamic anualysis,
thermodynamic analysis, wind tunnel model design study, wind tunnel model atress analysis, and
subfonic wind tunnel tests.

B. TRAJECTORY ANALYSIS

The definition of the vertical trajectories, required at the earliest date possible for {nitinl

design purposes, was fulfilled to some extent by the work of Relerence 1. The desire for explicit

trajectories beginning at each corner of the design Mach number-altitude trapezold {Figure ) and
covering the range of W/CpA from 1.0 to 100 required the computation of the trajectories.

The equation defining the vertical accoleration is

o (- tilo)

and the velocity and altitude equations are

V= j; Vit
h o= J'; vat.

The IBM 650 digital computer was utilized for the calculation of the trajectories. The 1959
ARDC atmosphere was adopted, and the time increment in the solution was varied as acceleration
changed.

A constant (W/CpA) was assum.ed In this trajectory analysis rather than a rigorous con-
sideration of its variation with Mach number for a specific configuration. This assumption was con-
cluded after observing only a slight change in the intercsted trajectory quantities of an 80-degree
cone using both a conetant value of W/CpA and a variable value with Mach number,

The computer print-out listed time, altitude, veloeity, Mach number, dynamic pressure,
and acceleration in terms of gravity(g). These quantities are plotted defining each trajectory for the
specified initial altitude~-Mach number.

An additional quantity, stagnation pressure (Pq) is also of .nterest for design. This quantity

is the pressure behind a normal shock as a total head tube would measure in a supersonic stream.
It was calculated by the following equation:
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The quantity (Pp - P,.)/q is golely n function of Mach number which is a modification of
the Rayleigh pitot-tube formula. The dynamic praasure (q) was nbtained from the computor print-out
and P, wng obtained from the 1958 ARDC atmosphere table for the altitudy in question. All this tra-
jectory data is described in Figuros 2 through 17,

It will be noted from obsuervation of the acceleration and stagnation pressures that their
maxima occur at time zero for tho initinl case of M = 4, 0 and altitude = 70, 000 feet and st W/CpA's
trom 1.0 to 100. These maxima occur later in the trajectory as altitude is increaged and W/CpA 18
increased. Al Mach 10 and 120, 000 feel, however, this is atill the case for W/CpA's of 1 and 10,

C. AERODYNAMIC ANALYSIS

The superiority of a given dacelorator over any other conceivable conf.guration lies not
only In the evaluation of its drag effectivensss behind a payload hut 2180 on its aerodynamic stabil-
ity, structural integrity which affects ita weight, and upon the nature of the inflation mechanism and
its waight. Of aerodynamic concern is the drag effectiveness of the decelerator behind a given pay-
load size (diametor of d) and decelerator aize (diameter of d'), so that the tethered I ngth (£) may
be optimally aet at a given £/d. The elfect of Mach number must also be concerned aince compro-
mises in this length may be in order.

‘The state of the analytical art does not permit the solution of these problemsa. Experimental
techniguea muat then be ulilized

A search of the literature indicated only a minor contribution of experimental data except
that collected under the previous contract (reference 2), and thia work did not extend to the M = 4
to 10 zone, Further, it war desired to suspend the inflatable decelerator behind the payload on a
cable so that the atability characteristics could be observed. The ram-air principle of inflation was
also a new area to be investigated. It waa therefore voncluded thal wind tunnel testa were quite
necessary.

The NABA Langley Unitary wind tunnel was made available for the teats covering the Mach
number range of 1.87 to 4.5, The Arnold Engineering Development Center, Tunnel "C" of the Von
K{rmdn Gaa Dynamics Facility was made availabla for the M = 10 testa, These tests are complete-
ly discusmed In their respective asctions of this report.

In the initial phases of this contractual effort, drag estimates and pressure estimates were
made of varlous cooflgurations to establish further ronsideration. This wag also done for wind
tunnel model design purposes. For this affort, existing dats was exploited, and theoretical calcu-
lative methoda such as Newtonian theory and conical {low theory were employed.

D. THERMODYNAMIC ANALYSIS
1. Objective

Aerodynamic heating of spheres and fi0~degree cunes with spherical nosos as re-entry blunt
drag hodies ware atudied in R Mach number range of 10 to 2 and in an altitude range of 200, 000 tu
40, 000 feet. Tamperature hiatories were determined for spheres without {low separation spikes and
correlated to spheres with flow separation spiked. Analyses were made to determine temperature
distributions over spheres, apheres with flow separation spikes, 00-degree cones, and 00-degree
cones with flow separation spikes.

The objective of this preliminary thermal study was to establish thermodynamic require-
ments for the specified performance envelope (see Figure 1) and to provide temperature data to es-
tablish functional, structural, and environmental design requirements.

Re -entry trajectories within the flight envelope shown in Figure 1 were obtained from com-

puter studies conducted by GAC aerodynamicists in which various drag body sizea and ballistic co-
efficients were uged.
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Re-entry trajectories with ballistic coefficients (W/CDA) of 1, 10, 20, 60, and 100 and initial drag
body deployment at 200, 000 foot and 120, 000-foot altitudes with [reesirean Mach number 10 were
utilized in this thermodynamic analysis. Herein, drak bodies with or withoul flow separation spikes
ave called out as spiked or non-aplked bodlea respectively.

2. Mothod of Analysis

Laminar or turbulent flow conditions, whichever results in the most eritical condition,
were used to calculato temperature distributions over the blunt hadies. Continuum {low theory was
appliedthroughout the flight envelope. The 19580 ARCD Model Atmosphere was used {n all calculntions.

a. Stagnation Point Heat Transfer. Stagnation temperatures were determined {rom the expres-
sion for heat flux to (he forward stagnation point of an axisymmetric blunt body (Eq 1),

s 0,783 0. 44 0.06/dU iq
asp (P!‘w,sp) _O_B(Peﬂe) Sp (F'w!l ) / dx> (lr-lw)s [l + ([,0 52 “l Lp(l)

Equilibrium dissoclation flow propertics were assumed throughout, with Lewls Number
{L) = 1.4 and viscosity as a function of temperature. This exprcssion i8 a result of the boundary
layer theory of Fay and Riddell (Roference 3) with the icnization term omitted since it s negligible
at velocities less than 80,000 fps.

The calculated heat flux was then equated to the formuia for reradiation equilibrium tem-
peratures to obtain the stagnation temperature

agp "e€o Tod. (2

Emissivity (¢) = 0.9 was used in the caleulation.

b. Blunt Body Hout Tranafer Distribution. Temperature distribution over tho axisymmetric
blunt body was determinod from the heat flux ratio Equation (3) proposed by l.ccs (Reference 4) for
laminar flow,

& . 0.5(P/P0) (Wo/Ua)S |(ou /P)o/(pu/P)egp .
o2 | X (P/Po)Uo/UuIS? [0k /Plo/ku/ Ply, sp] 0% 0

(3)

Turbulent flow temperatures over the axisymmetric blunt body were calculated by Van
Driest's method (Eq 4, Reference §).

0.8 -0.2/p\0.80pg 0.2 /410.0 -2/3

Ideal gas properties and the Sutherland viscosity law were applied to evaluate temperatures
using Van Driest's method.

c. Splked Blunt Body Heat Transfer Distribution, The total heat transfer to a blunt body, equipped
with a flow separation spike, has been increased under some conditions (Reference 6) and decreased
under other conditions (Reference 7). Theoretically, an increase in heat transfer might be expected
for transitional or turbulent flow in the boundary layer over the separated region, since prediction
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shows here a large increase for the lower Mach number. According to Reference 8, a decrease in
heat transfer should be experted for lJaminar flow over the entire separated region. With these con-
ditlons in mind, Crawford's investigntion of spiked hemispheres (Reference 9) was used in conjunc-
tion with calculated temperatures for spheres to predict the temperature distribution over a spiked
sphere. The following correlations were used to determine the temperature distribution of the
spiked sphere (Reference 9):

o = 232,59 q
$ =480, 4
¢ = 687.5%, q
¢ =800, 4

£/0) = 4 OR GREATLR

d/D =10

]

n

0.8 G4gp, NS
2.0 dgp, N8
U.vdgp NS
0.154gp, N8
For the spiked sphere with £/D of 4 or greater, the shock reattachment location on the

sphere is approximately 49 degrees from the center-line of the spike as shown in Figure 18 and has
an average separation angle of 11 degrees (Reference 9),

-

SFIKTD SPHERE

e

///'/’\-;.‘”0

Figure 18, Graphical Solution for ¢ of 90-Degree Cone with Other Conditivns

SPIKED 90° CONE

Same as for the Sphere

An approximation method was used in obtaining the temperature distribution for the spiked
80-degree cone. Assuming the separation angle is the same as that of a spiked sphere when £/D,
d/D, and diameter of the spiked cone are cqual to that of the spiked sphere, the shock reattachment
location was determined graphieally for the spiked cone. Using this method of correlation belween

the spilted sphere and spiked cone, a heat {lux ratio versus location curve was obtained for the

spiked cone (Figure 19).
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3. Results
Stagnation lemperature histories during the various flight trajectorios of a sphere with

radiug of onv [ool aro shown in Figures 20 and 21, Maximum stagnation teas:erature for the various
trajecturies are glven in Table 1,

Table 1. Maximum Stagnation Temperatures

e

W/CDA INITIAL CONDITION MAXIMUM STAGNATION TEMT ERATURE CONDITION

M, H{{t) U, (ips) H{ft) 8 (sec) Toraax (°R)
1 10 200, 000 10, 360 200,000 0 2310
10 10 200, 000 9500 15§,000 4.4 2440
20 10 200, 000 9360 140,000 8.5 2610
50 10 200, 000 9550 120,000 7.8 2080
100 10 200, 000 8730 105,000 9.6 3270
1 10 120, 000 10, 400 120,000 0 3240
10 10 120, 000 10, 400 120,000 0 3240
50 10 120, 000 10, 100 113,500 0.6 3260
100 10 120, 000 9, 630 99,000 2.6 3380

From the stagnation temperature histories, the flight trajectory with a ballistic coefficlent
of 10 was chosen as the most probable trajectory for the drag devices. Therefore, surface temper-
ature versus time calculations worn made using this trajectory. Surface temperature results for
apiked and non-splked sphores are presented in Figures 22 and 23, The mnximum surface tempera-
ture distribution curves for spiked and non-spiked spheres are shown in Figures 24 and 28, The
nmaximum surface temperature of the spiked sphere s approximately 20 pereent higher than the stag-
nation temperature of the non-spiked sphero,

Maximum temperature distribution over a spiked 90-degree cone for a ballistic coefficient
of 10 type trajectory, with initfal deployment altitudes at 200, 000 and 120, 000 feet, is presented in
Figures 268 and 27. Calenlated temperaturs diatribution nver p non-aptked 80-depren cane having
tho same conditions as the spiked 80-degree cone 18 shown In Figures 28 and 27 for comparison,
Temperature distribution over a 90-degrec cone for various trajectories i8 shown in Figures 28 and
29,

The decreasing heat transfer rate with increasing radius of curvature at the stagnation point
of a blunt body has long been recognized. The temperaturc decrease with radius increase of a blunt
body can be obtained from the following expression:

TS o T] RO‘O. 125 (5)

Temperatures presented in Filgures 19 through 29 are for blunt bodies with one-foot radii.
Temperatures for spheres or 90~degree cones having radli greater than one foot, can be easily de-
termined from Eq 5 or {rom the tempaerature conversion chart of Figure 30,

4, Conclusions

Ag was previously stated, the effect on heat transfer rates to blunt bodies with flow separa-
tion spikes may vary considerably with length and diameter of spike, tunnel Reynolds number, and
Mach number. The available data does not lend {tself to predicting heat transfer rates to a drag
balloon system in that little If any similarity exists between the spiked blunt bodies and a drag
balloon system.
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E. WIND TUNNEL MODEL DESIGN STUDY

A preliminary design study was made to determine the typee of inflatable blunt body configurations
to be Investigated. A large number of configurations were conceived, and each was evaluated on the
basis of packagoability, weight and structural stability, methods and cost of manufacture, and aero-
dynamic performance. Most of the concepts were eliminated quickly by thege considerations, with
no numerical analysis, leaving a smaller number of concepts {(sce Figure 31) to be investigated
further. The remaining, most promising, concepts fell into two basic categuries: (1) pressurized
types, or thosc that arc inflated by a scli-contained preossure source and (2) ram-air inflated types.

1. Pressurized Types

The pressurized type of inflated structure {(inflated by a solf-contained pressure source)
provides a wide range of possible shapes, The concepts selected for further consideration were
chosen for lheir relative simplicity, low welght, structural stability, and easeof manufacture,
Their shapes fell into areas of known good acrodynamic performance:sphere and hemisphere,

a. Sphere. The sphere, with a fence 15 degrees aft of the equator (Figure 31a), had already un.
dergone considerable development as a decelerator (Reference 2), and it warranted further test
work.

b, Heuwuaphere. The hemlsphere concept (Figure 31h) has 2 hemispherienl front, and the attach-
mueit Lo the fabeie struciure 1s made enfively to the back membrane by passing the tow cable through
a slide fittlng at the frent. Thug, the shape of the front {8 never distorted from its hemispherical
shape by attachments to the fabric oo by meridional cables, as is the case with the sphere. The ad-
vantages of this concept over the sphere were believed to be

(1) Frontul shape would remain hemispherical, smooth and free of protrusions.

(2) Inflated volume i8 reduced and is variable us the buck membrane moves in and out,
thuas reducing the complexity of pressure regulation during changes of altitude,

(3) The possibility that no fence would be required for subsonic stability due to the
sharper radius of the profile at the equator,

¢. Cong Ballpon. The cone bulloon (Figure 31¢) has a structural advantage over the sphere be-
cause the drag forces are applied directly to the frontal cone and diatrlbuled back toward the equator
through suitable fubric reinforcements. The 75-degree cone with the fence at the equuator was select -
ed for this program because a wind tunnel model of this particular configuration existed for use.

d. Airmat Cones, The pure cone {8 known to be an ideal drag body shape. The Airmat cone
{Figure J1d) comes closest to providing the pure cone of all the inflated structures. Other means
of obtaining a cone which were constdered and then discarded were

(1) A series of concentric torl, which would have presented a rippled contour in the flow
direction. and probably would be heavier and more difficult to build.

(2) A constant thickness Airmat, which would have required a special weaving technique
not yet developed, to produce the curved panels.

(3) A series of flat, triangular Alrmat pancls, which was not considered a desirable con-
tour,

The Airmat cone with tapered gores (Figure 31d) 18 a modified type of Airmat which i8 foa-
sible to manufacture economically with proper tecoling. An added feature of this concept was the
possibilily of usc as a variable ¢-na device by reducing the inflation pressure and causing the gores
to be shortened in the hoop direction, thus [orci:ig the cone into a smaller angle.

e. Torus with Curtaln, In s cuncept (Figure 312) a torus. which is a well-known inflated shape,
18 towed by a contoured curtain of uncoated fabric. Thr curtain {8 contoured in the shape ot a flared
cone and was expected to have serodynamic characteristics similar to a blunt cone.

2. Ram-Air Inflation Types
The concept of ram-air inflation, which inflates the body with pressure obtained by the
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enc.rgy of motlon, automatically compensates for change in altitude and changes in dynamic condi-
tions. Thus, the concept promises to greatly simplify and lighten the device by
(1) Eliminating the weight and bulk of the pressure generating system.
(2) Eliminating the need for pressure programming.
(3) Reducing siruciure welght by reducing the pressure diffcrential required ihiough
large changes in altitude,

In addition, the ram-air concept ellminates the noed for maintaining a positive pressure
seal {n the membrane of the prossure body, for a considerable amount of leakage can be tolerated.
At high temperature, the leakage in the closed (preasurized) types may become prohibitive.

The ram-air contepts selected during this preliminary phase were:

a. Cone Ballute with Hemispherical Back, This was the first-conceived ram-air Ballute. It is a
sphere with a tangent cone at the tront and with the inlet at the apex. The fence is located 15 degrees
aft of the equator to give maximum subsonic stability, Two cone angles, 80 degrees and 100 degrees,
were selected for the test program in order to bracket the known limiting angle of approximately 90
degrees for supersonic stability of pure cones. Thia concept 18 shown in Figure 31{.

b. Cone Ballute with Tucked Back. Inthis concept (Figure 31g) the fabric stress in the rear of
the Ballute is reduced by xitaching a center cable to the rear portion and carrying a part of the drag
forco by this cable. The resulling reduction in radius of curvature and the addition of radial rein-
forcing straps to the canter fitting cause the membrane stress to be reduced. Another advantage an-
ricipated in this concapt was the posaibility of varying the drag area by shortening the center cable
and thus tucking the back into a amaller diameter.

c. Eighty-Degree Isotensoid Ballute with Plain Back. This concept is a refinement of the conz
Ballute with hemispherical back and waa developed for the second wind tunncl program after it be-
cawme apparent that the membranc stress in the back of the Ballute cnuld be reduced. In thia con-
cept the membrane envelope is held within a cage of meridian cables or straps extending from the
nose to a ring in the back, The cables then carry a portion of the pressure load, thereby reducing
the membrane stress. A method of design and analysis of thia {ype of structure i8 presented in Sec-
tion 8-C. At this stage in the program tho 80-dcgree cone angle had been determined to be ap-
proximately the maximum limit for supersonic stability.

F. WIND TUNNEL MODEL STRESS ANALYSIS

1. Langley !Unitary Plan Wind Tumel (First Series)

Stroso analysls of the models was based on the maximum loads anticipated in the tests,
Fabric materials descriptions of the wind tunnel models are presented in Table 2. Models through-
out this section are identified the rame us in Table 2.

u. General Analysis. All models were analyzed for the conditions of maximum theoretical drag
coefficient, as given in Table 3. Using these values, the drag is given by the oguation

D = CparR?,
and the pressure at any point is given by

Pa= Coll.
In the case of the meridian cable balloon (Madel h), the no-load condition can probably be shightly
more critical to the fabric stresses than the maximum drag condition. In this case, however, the
static pressure ducing operation of the tunnel is lower than the minimum pressure to which the tun-

nel is evacuated before the flow is started. The maximum load condition, therefore, is the most
critical for'the meridian cable balloon model, as it is for all the other models.
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Critical Wind Tunnel Conditions: q = |

'Table 3. Summary of Aerodynamic Data

MODEL Cp Cp (ait) Cp (inside) Cy (max)
a 1,33 -0.22 1.52 b
b 1.60 -0.17 1.62 >
c L] L * L1
d * . . .

e 1.33 -0.22 a—. Y
f 1.60 -0.17 caus T
g 1,26 -0,17 - "y
h 1,08 -0.25 - 2,0
i 1,05 -0.25 cme 2.0
} 1.33 -0.22 1.52 -

*Porous Models ¢ and d have lighter loads and pressures than similar coated
models a and b, Therefore, no analysis {8 performed and no aerodynamic
data 18 needed.

**Maximum presaure coefficient data is used only in analysis of models h and 1.
-~==Internal pressure coefficient applies only to ram-inflated Modess a, o, ¢, d,

and §,

Table 4. Summary of Minimum Margins of Safety (Based on Limit Loads)

e e e e e et et e ——————— e e et e et

woor | msmcuanan | TAPESAMMOR | Reanmron
a * » L1
b . 2.88 .
[ ’ Less critical than Model a or b. A
d Less critical than Model a or b, i
e >(n . T
f 3.02 - we
g & L] *k
h . L 1] e
i * 1.7 .M
J * * R

* Margins of safety are greater than four.
** These models are not equipped with the respective structural elements.
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In gl tho pressurized models except h, the pressure is determined by the criterion of first
wrinkling, and to insure against wrinkling this pressure 18 multiplied by a factor of 1, § to obtain the
actual pressure desired for the test. Using this actual pressure, the maximum stresses ars obtained
and are compared to the quick-break strengths of the materials. The results are presented ag mar-
ging of safety (Table 4), which are defined us follows:

« Quick-break break strength .
maximum design stress '

Margin of SBafety = MS

In Model h, the pressure is arbitrarily chosen large enough to prevent the deflection under
load from becoming excessive, as indicated by the anslysis of Reference 10, and the stresses are
based on this pressure as described above.

b. Analysis of Models a, b, and E The ram-air Ballute model ghown in Figure 32 consists of &
conical front part and hemispherical rear part. The drag load is transmitted through an inlet fitting
to the fabric and straps at the front of the Ballute, The straps reinfo"ce the fabric, spreading the
drag load. These straps have the threads runuing parallel and perpendicular to the direction of the
tape, as opposed to the gores which have the threads 48 degrees to the center line of the gore. Since
the tapes are straight-cul, they are much stiffer in the meridian direciion than the gores. They,
therefore, carry most of the drag load away from the drag fitting. At the end of the siraps the drag
load {8 spread out so that fabric can carry the additional meridian stresses. The stress analysis is
based on the Ballute with 23 = 100 degrees, since the load in the conical part is more critical.

[-\ TUCKED BALLUTE
g R h\ 28 = go°
D j (l
—— - — e -
\
Y

Figure 32. Ram-Air Ballute (33 = 80 and 100 Degrees)

The maximum drag is given by the eyuation
D = CpasR?
D =1,33x180x0.3490 = 70 pounds.

The maximum atress in the hemispherical part is

P (1.5240.30q = 1.74q = 1.74 xo5- = 1.81 pal
%&.Mlz!‘...i - 3.62 ppi.

The hemispherical part fabric strength is 38 1b/in, giving a large margin of safety.
Lead carried by the straps and tapes:

D 70
nTm = W L W = 109 pounds.

Strength of straps = 100 x0.12 = 12.0 pounda.
Strength of tapes = 38 x0.38 = 14,5 pounds.
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No. of straps = 16 inside and 16 outside.
No, of tapes = 8,
32x12.0 = 384
8 x14.6 =118
800 pounds.

MS -‘;’—gg-- 1= 858

The meridian fabric stress in the conical section (see Figure 33) where the straps ond is
D + 1,5%7(Rcos80%)2 = 1.11qw(Rcos809)2 + 2¥Rcos250°1

or
£ = 7,585 Ib/in.

1.11q

W G(MERIDIAN STRESS)

Figure 33, Tucked Ballute Stressus

The conical section fabric strength is 38 Ib/in., giving a \arge margin of safety.

¢, Analysis of Modelr ¢ and d. The porous Ballutes are strong enough by inspection since loads
are lesa than for Model a and b Ballutes and fabric strength is 80 ppl.

d. Analysis of Models ¢ and {, The Airmat cones (Figure 34) hive a nearly uniform pressure

R = 3.5
A g
’—'—'—‘ P
[}
\‘\I
)
~1.68"
Cpa
bN METAL FITTING
A =] SECTION A-A

Figure 34. Airmat Cone Stresses
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around the {ront side, giving a uniform pressure difference across the Airmat equal to Cpq. The
load from the Airmat is transmitted to the main cable by means of a conical metal nose fitting. The
external pressure loading tends to reduce the hoop stressea in the Airmat unti) wrinkling occurs.

The hoop &tress tn the cone due to the external loading is (-CpaR)/(coaé)

and the sum of the hoop stresses in the inner and outer skina due to internal pressure {8 2Pr, where
r = 1/2 inch. Wrinkling occurs when 2PR = (CpqR)/(cor 8),

When ¢ = 40 degrees, Cp = 1,33:

P 150/144) (3. 5) (1. 33 = 6.3 pai to wrinkle,

Applying a factor of safety of 1.5 on wrinkling, the pressure required is 9, 45 pet in the
80-degree cone.

When 6 = 60 degrees, Cp = 1,60:

Pou 180/144) (3.5) (1.60) 9.1 pai to wrinkle

and the actual required pressure is (1.5) (9.1) = 13,8 psi in the 100-degree cone.

Taking tho metal noiso plece as a free body, static equilibrium yields the approximate re-
lationship

(2) (2n) (0.84) fy cos 6 = D

or D CparR? Cpl160/144) (3.6)2
1 @ T e8ncosd) "I 68rcosd) (D~ (1.68cosd) (3

where
fis the fabric stress in the moridian diraction at the noae.

80-degree cone: fy = 6.6 b/in,
100-degree cone: f; - 9.45 b/in,

The largest pressure stress occurs in the inner diameter of the torus and is equal to

Pr [2-(r/R-r
7 |T-{r/R°T
Using the 100-degree cone pressure of 13.6 psi, the stress is 7.48 1b/in.

The highest fabric stress is 9. 45 ib/in. The fabric strength is 38 lb/in, giving a margin of
safety of 3.02.

e. Annlvsis of Model 3: The curtain consists of eight gores of blas-cut fabric seamed together
with straight cut tapes, which aro assumed to carry the entire drag load. There are 16 tapas (8
inside and 8 outside) with a strength of 22,5 pounds einch. The drag is

D = CpanR? = (1.26) (150/144) (3.59) a = 50.6 Ib.

The load in each tape is 50.5/18 = 3.16 pounds. The margin of safety of the tapes is large.
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The curtain is attached tangent to the front side of the torus, applying & nearly radial load
of 50. 5 pounds distributed uniformly around the torus, giving a unit load of 50.5/2%R = 2.3 1b/in.
The loading 18 shown in Figure 36.

s 2.3 LB/IN.
———
R=3.5IN.
1.25-IN. DIA
— ~
Q

Figure 35, Torus with Curtain Radial Loading
From Figure 85
Q ~(2.3)(3.5) = 8.061b

which produces a compressive stress cqual to B, 05/ #(1, 35)

= 2,05 lb/in,
In addition to the compression, the eccentric application of the load produces a bending
moment in the torus shown in Figure 386.

™~ CURTAIN RADIAL
LOADING

M
IR G
Figure 36. Eccentric Application of Load to Torus

Summing moments about the x-x axis
) ga.sg §1.252. My,

M; = 5.03 in-1b.

The moment produces bending stross (Mic/]) eyual to
(0.625)

— S - 0.814M, = 4.1 1b/in.
06253 t

The total stress is 4.1+ 2.05 = 6.15 1b/in.
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The thickness of the torus is about 0,020 inch, glving a stress of 00 03‘3 = 308 pal and a

very large maxgin of safety.

Figure 37. Sphere

f. Analysis of Model h. The spherical balloon in Figure 37 consists of a gpherical pressure
veasel susponded by a aystem of eight cables along the meridian circles .! (he sphere. The angle
is designed to be 30 dugrees with no load on the balloon. Under load  increases slightly, but a con-
aervativo value of the meridian cable tension is obtained by neglecting any change in 8. Thc maxi-
mum drag expected on the balloon ia

D = CpaaR3 = (1,08) (150) (0. 349) = 53 Ib,

The meridian cable tension s given by the equilibrium of the juncture at the nose of the
balloon: B7,,ain 30C = 88 1b, or Ty, = 13.74 pounds. The meridian cables are 1/32 diameter non-
flexible cargzm steel with breaHng strength ot 188 pounds (Reference 11, page 240). The margin
of safety ia large. Tho uantity nTy, (where n = 8) i8 equal to 110 poundu. guumlng R pressure of
10 pai, the guantity pm = (10) ('n;n(le) = 508 pounds. The ratio nT,,/PrR< {8 then aqual to 0, 219,
A provious detalled analysis of meridian cable balloona indicates that this value results in only mod-
orate distortion of the apherical shape (Reference 10).

The fabric stresses can bo obtained conmervatively by negineting the effect of tho meridian
cables on the aphers, in which case the stress {s everywhere equal to

R __(1_o)§(4) - 20 Ib/in.

) The fabric atrength is a minimum of 100 lb/in., giving a large margin of safety (refer to
Table 2).

€. Analysis of Model i, Figure 358 shows the hemisphere model under load. Thisz mode! cnnsists
of a hemlspherical Iront half and a rear half whose profile varies under load, The drag load is trans-
mitted through the rod to the rear fitting and from the fitting to the fabric at the rear of the bulloon.
In order to carry the drag load with a amall circumference of fabric, the rear half of the ballon is
reinforced with meridional tapes which pass inside a metal ring at the rear fitting and are cemented
to the inside surface of the balloon. These tapes have the threads running purallel and perpendicu-
lar to the direction of the tape, as oppused to the fabric gores which are cut with the threads at 45
degrees to the center iinec of the gore. Because the tapes are straight-cut, they are much stiffer in
the meridian direction than the gores. They, therefore, carry almost all the drag load away from
the rear fitting in the form of meridian siresses, and the rear surface becomes a membrane with
meridian stresses much larger than the hoop stresses. Assuming the hoop stress in the rear half
of the balloon to bs everywhere equal to zero, the rear-half profile is derived as a function of the
parameter D/P1R<, The derivation is lengthy 2nd {# ro preconted here, but the resuits are used in
the following stress analysis.
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SLIDING
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Figure 38, Hemiaphere Model under Load

The maximum drag is given by the equation

D = CpgrR3,
and the maximum pressure on the front of the ballocn is cqual to 2.0 q. (Refer to Table 3). Around
the back side the preasure is -0. 28 q. In order to prevent dimnling on the front under lgad, the

pressure differences across the back surface must be 2.25q = P. The quantity D/PrR€ s then
equal to a maximum of

o8« Sy 3 0.0

The drag, D, is evaluated to be D = (1,08) (150) (0.349) = 85 pounds, and the required
pressure becomes, inserting a Rafety factor of 1,6 on wrinkling,

88) (1.8 58) (1,5
--(—MTL- 0.4668, P n TLHT = 3,52 pai.
PrR . 468) {167

The maximum stress in the ophere is equal to

ER. “22 4 . 7.04 1/in.

The fabric strength 18 38 1b/in., giving a large margin of saioty. Assuming the tapes carry
all the streas in the meridian direction, the load in each of the 18 tapes at the equator is

2
PIR w3627 = 11,1 1b,

‘The strength of each tape is 30 pounds, giviug 4 margin of saiety equal to

30
i1 -1 =117,

The tapes exert radial loads on the ring at the rear fitting, as shown in Figure 39.

The ring is Type 312 stainleaa steel annealed tubing; a cross section is shown in Figure 39,
The cross-sectional area is

1/4 |(0.0825)2 - (0.038%)2] = 0.00101 in. 2.
The tensile stress is 28.3/0.00191 = 14,800 psi. Type 312 stainless steel hot rolled has a

yield strength of 45,000 psi (Reference 11, page 17), and the yield strength in the annealed condition
i8 estimated to be 38,000 psi, giving « margin of safety of 38,600/14,800 - 1 =1.71.
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11.1 LB EACH STRAP

' // 0.0625
/
0.0385
Sa
' RING CROSS SECTION
| v e BULY | 955

Figure 39. Radial Loads at Rear Fiiting

2. Langley Unitary Plan Wind Tunnel (Second Series)

8ix models, each eight inches in diameter, wera analyzed for the wind tunnel conditions
presented in Table 8. Models throughout this section are identified the sume as in Table 8.

Each model had blag-cut gores seamed together along the meridian of the model. In all
cages except the hemisphere, which has no outside tapes, the gores were butted together and tapes
were cemented inside and outaide. The vutside tape on the cone balloon was N2682 nylon, a blas-cut
tape with a strength of 80 Ib/in. in warp and fill directions. The outside tape, where used, was 1/2-
inch wide. The inside tape in every case was a 3/4-inch wide atrip of Dacron fabric N337A186 cut on
the bias. The outaide tape on Model a through ¢ was the same materinl, also cut on the bias. The
straps were cut from the same labric as the gores, with the warp threads running lengthwise. The
straps were two plies in thickness and 1/4-inch wide.

8. General Analysis, Wind tunnel loads during =rpersonic operation arise {rom several sources,
as indicaied by prov%ous experience with pressurized and ram-air models, The most critical condi-
tion appears to be the aerodynamic pulsing observed in the ram-air models (Reference 12). Addi-
tional instability occurs during starting or stopping the tunnel, when the air flow passea through the
transonic speed range. Instability can also be oncountered during steady-state operation of the
tunnel {f the drag body ia close enough behind the forebndy to be affected by ita turbulent wake, ‘The
above loading conditions are, of course, superimposed upun the static drag loading, which is the
only desired loading condition. The static loading condition is also the only one that can be predicted
theoretically, because of the complicated nature of the various types of instabjlity. The present
models are therefore designed on the basis of the static loading, and large margins of safety are
used in an effort to obtaln a satiafactory operating life for the models.

The drag is given by the equation
D= cnqmz,
and the pressure at any point is given by the equation

P= Cpq.
Aallowable stress , ... 1iowable

The margina of salety (Table 8) arc defined as MS ~ applied stress

stress = ultima;%atreua = allowabl;sstrength and applied stress = limii stress.

As was the case for previous tests of 8-inch models under similar flow conditions, the analysis of
the metal parts is not included.
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Table 5. Summary of Aerodynamic Loading, Fabric Materials, and
Minimum Margina of Safoty

MODEL|DESCRINTION ARRODYNANIS bava

tq » 150 peli M = 2.5 10 5.0)
Cpft) | Cpair) (‘pam;nh-) Cgmax) | Code No. [ Material

MIN MARGINS OF SAFETY

\Yar;n(?) F,mm, Fubric | SLraph m‘l g_g:_‘:,”

MATERIAL PROPERTIES

w  [80-degree Bate [0.180 | .0.250000 [1.m1(8) | 0,003 [ N3srars [pacron 120 | 100 €07 | 1.23 eeee

lute with lenee 1.721®) 0. 040
b {B0-degree Bal- ] 0.780 { -0, 100480)5) | 41(5) | g 90(?) | N228A230}Nylon 180 | 140 7.5 | 2.33).--- [----
lute witiout -0, 12600090 | 720) | g, g5i0)
fonee
¢ |80-degree tucked | 0.760 | -0.1008)(5)] 1 8115} | 9.00(5) 1 NIFIALS |Dacron 120 | 100 4.60 | 1 TR |---- 10,081
Rallte «0,126(6)41( §,720) | 0.0a(6)
d  |Hemtsphere 0.900 | -0.2%0(3) | .. 1.8115) | N387A15 [Dacron 120 | 100 | .45 | 0.89)-0 198f--.
.0, 100(4(8) 1.72(8)
.0, 126(6X4)
e |75-degrev cone | 0.870 | -0.250(3) 0.72(5) | N337A1S |Dacron 120 | 100 1.66
Balloon 0.74(8)
{  |B0-degree Air- | 0.760 | -0,030(%) 0.90(8) Awrmat (see Table 2) 0.44
mat cone -0.102(8) 0.95(6} l
NOTES
(1) Expesied at M » 2.5 lower values st M> 3,5 {4) Withow turhte lence.
(2) Minimun tensile strenglh o pounds per en. DAM«560
(3) Wath barble Tence. B)AtM = 2.5,

During tunnel oporation the maximum cynamic preasure i8 expected to be 160 psf. Refer-
ence 13 requires that the models be designed with v factor of safety of four based on the yleld
strongth. Because fabrics do not have a yleld sirength in the same sense aa metals, the quick-break
strength 1s used in determining the margins {or the fabric components,

b. AnalEais of Models a and b. Models a and b are {dentical In design, except that Model b does
not have a burble fence a erent fabrics are used in the two models (see Figure 40). These
models are equipped with meridian straps which run the full longth of the Ballute, At the nosc the
straps are assumed to carry the entire drag loud. The drag is given by

D = CpunR?
D = (0.76) (160/144)7(18) = 39,8 lb,

The load in each of the eight straps at the nose is equal to

D

3 cos 450~ 0 1P

On Model a, each strao is estimated to have a strongth of about 60 pounds, giving & margin
of safety of 1.31. On Model b, the estimated strap strength i8 80 pounds, giving a margin of safety
of 2.46.

The contour shape of the rcar of the Ballute has been designed with the value of k = nTp,/
PrR2 = 1/2 (Reference 14, Figure 3A) where the pressure, P, is estimated to be 2.08 ¢. The strap
load on the rear is then cqual to

Y
) U18) _ 6,75 1b.

.. _ PnRZ _ (2.08)(150/144) (=
Ym =—pp—*= {16)

The strap margins of safety are 1.22 and 2. 33 for Models a and b respectively.
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BURBLE FENCE (b)

BALLUTE, 8, = &0° ¢ MERIDIAN STRARS

g I

REAR
“ RING
~ =t [} - — .
NOSE
RING

Figure 40. Second-Seriea Wind Tunnel Models a and b

The fabric stress for this contour is equal to PR/4 in any direction over the rear half of
the Ballute, which gives a stress for this condition of

ER+ (2,08) (150/144) = 2.14 1b/1n,

The fabric strength for Model a i8 100 ib/in., giving a margin of safety of 10.7. For Model
b, the strength is 140 lb/in., and the margin of safety is 16,3. On the Ballute front half, the largest
stress occurs at the base of the conical surfuce at a radius of 3. 38 inches. The hoop atress in the
fabric is equal to P(3. 38)/cos 40° where P 18 the prossurce difference across the front half of the
Ballule, which is cstimated to bo 0.91q. The fabric stress s therefore

L0.90) (80/140) 3.38) ¢ 1g 1,y

‘The margin of safety for Model u In 4. 07, and for Model b the margin 18 7, 35,

MERIDIAN STRAPS

NOSE RING

D

6y = 400

CENTER CORD
Figure 41, Second-Series Wind Tunnel Model ¢

c. Analysis of Mudel ¢ (Figure 41), The rear surigce of the Ballute is designed so that the strap
load (for eight straps together) is equal to 0. 4 Pri* (Referencc 14, Figure 4A); the pressure
pattern is the same as for Models a and b. The load in each strap is therefore

Ty = o.uznnz _ 10.4)(2.08) %m/lﬂ)@ 18) _ 5 40 1.
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The margin of safety is 1,78. The load in the center cord is 0, SP7R2 = 31,0 pounds. The
center cord 18 composed of two strands of MIL-C-5040A (ASG), Type I cord with a strength of 100
pounds/strand (Reference 15). The margin of safety is 0,61,

At the nose the portion of the load carried by the meridian straps is equal to the drag minus
the center cable load, or

39.8 = 831 = 8.8 1b,
The load in each strap is (8. 8)/(8 cos 40°) = 144 pounds, and the margin of safety is 9. 4,

The radius at the base of the conical nose portion s 3.8 inches. The hoop stresas at this
point is

3.0P _ (3.6) (0.91) (150/144) _ o ¢
cos 400 0.766 48 1b/in.

The margin of safety is 100/(4, 48) (4) -1 = 4.6. The rear surface is designed for a fabric
stress of 0,16 PR = (0. 15) (150/144) (2.08) (4) » 1. 28 Ib/in. The margin of safety ia larger than at
the front.

MERIDIAN STRAPS (16, EVENLY SPACED)
~— T
'\~ UNLOADED
o 'l"/ PROFILE
" REAR FITFING
R AND RING
SLIDING
SEAL S~

Figure 42. Second-8eries Wind Tunnel Model d

d. Analysis of Model d. The hemisphere model (Figure 42) is a closed pressure vessel with a
hemispherical nose and a rear surface irom which the drag load is transmitted to the main cable.
The rear surface is tallored to a profile shape which produces zero hoop stress; all the pressure
load is carried by the meridional elements (Reference 14, Figure 6A). In order for such a shape to
be stable under pressure, there must be an infinite number of meridional elements. If there is not
an infinite number of ineridional eloments, there imust be a finite radius of curvature in the fabric
between the meridional elemonts, producing a fabric stress in both directions. The tailored shape
ls therefore unstable under pressure, and the meridional cross section tends to become more circu-
lar than the tailored shape. In this case there are 16 meridional straps made of material much stif-
fer than the gore fabric. The equilibrium shape is therefore slightly different from the tailored
shape, resulting in a small fabric stress (smaller than in the spherical nose section) and & meridian
strap load smaller than the theoretical value. It is therefore conservative to design the straps with
the asgumption that they carry all the pressure stress and to choose the fabric on the hasis of the
stresses in the spherical nose.

The drag e given by
D = CpquR2 = (0.9) (150/144) (r) (16) = 47.0 Ib.
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The internal pressure is arbitrariiy chosen such that the quantity D/PrR2 = 1/3. This gives Cpq/P
= 1/3, aruning Cp = 0.9, P = 2.7and q = 2.81 psi. The maximum fabric stress is PR/2 = 5,62
b/in., giving @ margin of safety of 100/(5, 62) (4) -1 = 3.45. The load in each strap is PsR3/16 =
2.81y = 0,85 pounds, The strength of each strap is 80 pounds, giving 8 margin of safety of
60/(.885) (4) -1 = 0.69,

On page 37 the rear ring was found to have a tensile stress of 14, 800 psi with a strap load of
11.1 pounds. As the ring in this model is identical with the previous one, the stress can be obtuined
merely by multiplying by the ratio of the loads:

(8.85/11.1) (14,800) = 11,800 psi.

The margin of safety is 38,000/ 11,800) (4) -1 = -0,195, Although the margin is negative,
the factor of safety i still greater than three (6. 36 versus the estimated ultimate strength of
75,000 pal), and the strength is therefore conaidered adequate.

. Analysis of Model e, The cone balloon is also a closed pressure vessel, consisting of a coni-
cal nose section tangent to a spherical aft section (see Figure 43). The model is seamed together
from bias-cut gores with bias tapes. At the nose the fabric is clamped to a maetal nose cone, to
which the main cable is attached.

BURBLE FENCE
re /T
v

o |

— . e ——— - -

METAL NOSE
CONE
P=2.0PSI

0.812 PSt
Figura 43. Second-Series Wind Tunnel Model o

The meridian stress in the fabric at the nose is obtained by summing forces on the nose
cone:

D ~ 2xrly cos 38°

D {0.87) (160/144) 7 (18
U = Frroor 38 = oot (oLaie) L = 10.7 10/in.

where r is the radius of the nose cone. At the nose the seam tapes cover the full circumferenre of
the balloon. The total fabric strength is then (2 x 60) + 100 = 200 1b/in. The margin of salety is
200/(10.7) (4) -1 = 3.68,

The highest pressure on the front of the balloon is estimated to be 0.78q = 0.813 psi. An
internal pressure of 2 psi should b gufficient to maintain the shape of the ballocon. The highest hoop
stress occurs at the base of the conical nose section, at a radius of R cos 35 degrees. The stress is

—(—"ap "cf;ﬂ"ag“-g’—« 8 1b/in., giving a margin of 100/(8) (4) -1 = 2.183.

The fabric stress In the spherical part is PR/2 = 4 1b/in., which is less than the siress in
the ncse scction.
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f. Analysis of Model { (Figure 44). The Airmat cone was analyzed in the first series of tests for
similar loading conditions. In that analysis the maximum stress was found o be 6,6 lb/in, for the
80-degree cone, giving « margin of safety of 36/(6,6) (4) - 1 = 0,44,

DROP THREADS

METAL
NOSE CONE

Figure 44, Second -Series Wind Turnnel Model {

d. Arnold Tests

a. General. The analysis included three 10-inch-diameter wind tunnel models and the model
support sting, The three models included one inflatable model made of coated metal fabric, one
rigid model designod for pressure measurements, and one rigid model designed [or temperature
measurements. All three models wero the 80-degree plain Ballute configuration and were analyzed
for the f{ollowing critical wind tunnel conditions:

Mach number = 10,26
Dynamic pressure = 2,24 psl = q
Drag coefficient =0,7=C
Interng! pressure coefficient = 1,856 = N
Rear pressure coefficient =0=Cpp |

The fabric gores of the inflatable model were bias-cut, seamed along the meridians of the
Ballute, and equipped with meridian cables which run the full length and were gathered at the front
nnd rear by metal rings.

Various types of loads to which the models were subjected in supersonic operation are dis-
cuased in the second sexles of Langley tesats,

During tunnel operation the drag is given by the equation
D= CpqrrRz,

and the pressure at any point on the drag body is given by
P = Cya.

The margins of safety (Table 8) arc defined as

Ms - -llowahle stress , ... s1i0wable stress = LMAtE Stress
limit stress F§

Refercnce 16, page 712, prescribes a factor of safety of 5 based on the ultimate strength or 2 based
on the yield, whichever s more critical. In all cases herein the ultimate strength condition governs,
except where otherwise stated.
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Table 8. Minimum Margins of Safely (Based on Ultimate Loads)
m

DESCRIPTION OF MARGIN
STRUCTURAL OF
COMPONENTS SAFETY

Metal Cloth Drag Model

Meridian Cables -0, 265¢
Main Cable -0, 38+
Fabrie 0.16
Nose Plece 0.00

Rigid Temperature Model

Shell Largé
Screws 0.16

Rigid Presasure Model

Mounting Sleeve 0. 94
Rear Wall 0.22

Model Support Sting

Strain Link 0.24
Side Walls 0.13¢

*Satisfactory to AEDC personnel.
**Refer to 3F3a for discussion of yleld margin.

b. Analysis ol Metal Cloth Drag Model. The drag on the model (Figurc 45) under the critical
wind tunnel conditions is

D = CpavR2 = (0,7) (3.24) (267) = 133 Ib,

MERIDIAN
/ CABLES

\ REAR CLAMP
ASSEMBLY

D

NOSE

PIECE

Figure 45. Metal Cloth Drag Model
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If there are eight meridian cables, the load in each one is

D
Tm = 5o0s 400 = 20.1 I,
at the nose of the Ballute, On the rear half the cable loada and fabric stresses are determined by the
pressure difference, P, and tho profile shape. In this casg the Ballute s designed with a rear pro-
file shapo, which gives a total cable load equal to 0.5 PaR* and a fabric stress of PR/4. (Deriva-
tion of the profile shape {8 given in Reference 14.) The pressure, P, is 1.85 q = 4. 15 psi during
ttoady-state operation. The load in oach cable is then

0.5) (4.15) (367) _ 39 3 pounds in the rear half of the Ballute, and the fabric stress i

4.18) (8) . 5. 19 1/in,

The fabric is estimated from tests run at GAC to have a strength of 30 lb/in, at 1400°F,
The margin of safetly is

30
m ~1 = 0,16.

Tensilo tosts have ulso been run on the meridian cables at room temperature, yielding a
value of 102 pounds. Tho moridian cable strongth is ostimated to be 74.5 pounds at 1400°F, and the
maln cable strength 18 70 pounds, The murgins of safety ure -0, 265* and 0.09 reapectively.

in the wind tunnel the Ballute was to have been doployed a distance of 4 inches behind the
payload in free fall. From there the actuator was used to move tho Ballute to a total diatance of 12
Inches, During deployment it is assumed that the model does not have time to inflate. The drag
area {a therefore cqual to the avea of the three-inch-diameter diac on the rear of the Ballute, The
drag i8 equal to

D = (1) (2.24)n/4(3)2 = 15,8 Ib,

assuming a drag cosfficiont of 1, The onergy applied to the Ballute is thon (15,8) (4) = 83. 2 in-1b.
The main cable must absorb this enorgy by stretching under the snatch load that occurs when the
cable iy fully payed out. The main cable i8 composed gi 49 slands of O.OIZOl-mah-dhmetor Rend
41 wire. The cross section area is (48) (1/4) (0,.0104)% = 41.8 x 10-4in. 2, The modulus of vlaati-
city of this cable {8 asgumed o bo similar to that of carbon stael cable (Reference 11, page 241).
A value of 14, 000,000 pai is used. Usaing a total cable length of 82 inches, the elongation of the
cable under load, P, is

P(a2)

. = 1.41x10°3 p,
(14 x 10%) (41.6 x 1049

The strain energy is equal to PAZ/2 = 0.705 x 10~3 p2, This energy is equated to the Bal-
lute kinetic energy:

0.705 x 10-3 p2 - 83,2
or
P = 300 Ib.

The room temperature strength of this cable is estimated 1o be 920 pounds, giving 2 mar-
gin of safety of -0.38.*

*Although a negative margin i8 obtained, the safety factor is greater than 3, and the strength is felt
to be adequate by AEDC personnel since a possible failure of these lighiweight models would not be

detrimental to the operation of the tunnel,
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At the rear of the Ballute the fabric is claned between two metal rings by eight No, 4
ferawr. The root area of sach acrew is 0. 0085 in. € (Reference 17, page 165), giving a total ares of
0,052 in. 4, The screws are Type 310 astainless steel, which has a room temperaturs sirength of
85, 000 psi tension. If theme screwa are tightened to only 10,000 pai, they exert a total load of 530
pounds., Assuming a coefficient of friction of 0, 3, the radial fabric load required to cause alippage
Is (520) (2) (0. 3) = 312 pounds. The fabric stress timea the circumference at the clamp is (3, 42
Ib/in. ) (2, 876xin.) = 25.5 pounds. There are large margins of safety on both the screw stress and
the clamp friction.

CLAMPING FORCE

N\ swoes e

—+
=N

2.34 DIA——=]

Figure 48. Cross Secticn of Nose Fitting

i Figure 48 shows part of the cross section of the nose fitting. The load 18 applied through
the ball on the main cable 1o the rear of the noso fitting. The rear face of the nose fitting can be
conservatively analyzed as a circular plate simply supported at the outer edge and loaded hy shear
around the center hole. This is case 1, page 63, of Reference 18, which givus u table of values of
the constant k for use in the equation

2
Conuy ™ E'S)—(Rewrcncn 18)

where ¢ max is the maximum bending stress, q the shear per unit length, a the outer radius, and h
the plate thickneaa. The inner radius is dofined as b, For this case a = 0, £62 inch, b = 0,1721nch,
h = 0.125 inch, and k 18 estimated to be 1.85. Using the drag of 123 pounds, (Reference 18)

q "12%‘ 114.0 1b/in.

The maximum stress is then

2
% max ™ {1.85 ((:lgs()(” 562)° . 4500 pst. (Reference 18)

The nose piece is made of Type 321 stainlens stoel, with a tensiie strength of 29,000 psi at
14000F. (Reference 19, page 73, T00CF - 13000F part), the margin of safety is 0. 28.

The outer flange of the nose piece is used to clamp the fabric in place. The fabric stress
was previously found to be 5. 19 Ib/in, At the outer diameter of the flange, this gives a total fabric
load in the meridian direction of (5.19) (2.34)r = 38.2 pounds. Assuming a coelficient of friction of
0.3, the required normal force to prevent slippage is 38.2/(0.3) (2) = 63.5 1b.
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Using a {actor of 2 on the normal force, the actual load ia 127 pounds, For purposes of
analysis the {lange luad is assumed to be resisted entirely by bending ot the necked-down portion, as
though the flange were a sories of radial strips. The resultant of the flunge load acts at approxi-

mately t